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MACHINE INDEXING PROJECT

Interim Report

SECTION I qummarz

S S i

The principle mission of the Central Intclligence Agency
is the correlation of information within very broad fields.
Large numbers of records must be organized so that intelligence
specialists can request and rcceilve documents perteining to
a wide range of subjects and to many verying situations, most
of which cannot be predicted with certainty at the time that
the documents are first received and processed.

The 1ibrary of documentu needed by the Central Intclllgence
Agency should function as the organization's memory unit. To
this end, documents must do more than merely record information;
they must also be subject to quick recall to provide information
to meet the ever changing requirements for intelligence. To
achieve top effOLtlveness, it must be possible to base the
recall of information on new associations - of ideas set up to

reflect specific situations as they may arise. (For discussion
Oof 'this problem as seen by the Russians, see Appendix I.)

The first steps to fulfilling fhis memory function were
taken in March ‘1947 when punched card methods wtilizing con-

“ventional IEM equlpment together with. especially designed and

constructed Intellcofax machines were successfully applied to
the problem. With the increase in volume of documents received
and -the emergence of ‘unique requirements in certain areas, the

‘ need for more versatile and flexible methods and for machines
“better adapted ‘or especially designed for informatlon searching

became apparent. Such machines have been des1gngd ‘and prototypes

‘“nroduced

The flrst scannlng machlne was devrlopod.by IBM An oxperi~
] the Diamond

Mecham?ed. earchlng 'y 1n-Ency-
, f,Chemlcol Techno ogy, Volume % >ien ‘New:
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‘Application of the new.equipmé__alas the su‘ject of a
symposium of MIT in June 1952. (See Appendlx II.)

Some. time before the first announcement to thc public,
the Central Intelligence Agency was aware of IBM's pioneering
development. Late in 1950, 2 research project was initiated
at MIT to explore the usefulness of the new IBM scanning
mechine for intelligence operations. In this investigation,
the indexing was conducted in such & way that all entries
pertaining to a given docuwent were punched one after another
in a single card. This made it possible to demcnstrate, in
July 1951, that the sbility of the scanning machine to seesrch
to combinations of concepts provides a basis for selecting
information as needed for varying intelligence requirements.
A larger scale project was initioted to develop the possibilities
of this new tool.

The new machines seurch out needed informatlon by a scan-
ning operation comparable to a blind man reading Braille.
For this form of machine secarching, letters, numerals, and
other symbols required to record index entries, are represented
by patterns, which may consist of holes in cards, magnetized
spots on tape, transparent spots in opague photographic filn R T
or other distinctive marks on some recording medium*to be - T
. scanncd by the machine. Since the number of possible putterns
(“\ . far exceeds the total number of sc1entif1c and technical
- terms and words in general, the new machinss 1mpose no
restrictions on the range of vocabulury that may be used for
indexing. The only limitation is the practlcal one that the
number of index entries assigned: to any. one document should
not be allowed to increase beyond’ the point of diminishing
returns, - :

The new machines are designed with a number of pattern.
matching units. Searchlng and selecting operatlons may -be
directed to any one index entry or to combinations of entries.
Furthermore, various rclutlons between entrles may. be specl-
fied when setting up the scanning machine prior to 1nit1qt1ng

- a search. This mésns that a machine search may be. tailored
with a high degree of precision to meet ‘the. neodu of intel-
ligence analysts. This dynamic ablllty to allgn searches to
meet new intelligence assighments 1s to: be contrasted with
the inability of a rigid classiflcation system to react to '
meet changing requircments.~ '
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subclass headings, which do not permit the exploitation of
the full potential of the new scanning machine. Therefore,
since the scanning machine permits the construction of a

more flexible coding system it was decided that such a system
should be developed, '

Preliminary studies indicated the lmportance of keeping
the indexing system as simple as possible. In working toward
this end, careful attention hag been given to developing the
simplest possible methods of encoding index entries and
recording them as patterns searchable by machine. It became
evident that certain alterations in the design of the experi- w
mental IBM scanning machines would be highly desirable. Con-
ferences with IBM engineers have resulted in pleans for pro-
duction models of the scanning equipment in which the desired
changes will be incorporated. (See Appendix IIT.)

With the new scanning machines, a multiplicity of index
entries can be set up for each document ond various types of
relationships between specific entries encoded and rendered
searchable. by machine, Thus the code for a specific index
entry, such as "bomb", is constructed so as to contain codes
for certain selscted, related generic terms such as "weapon", L e
"military”, "explosive". By using such generic terus es
semantic factors in constructlng codes, reference points of

(:j great effectiveness are provided for defining and conducting
-~ scarches by mechine, : ‘ '

Adequate discriminating power is most importent in a
machine searching system. For this reason, provision can
easily be made to encode characteristic attributes and func-
tional designators. This would meke it possible for machine
searching to distinguish, for example, between documents
in which the same materiasl is uged for differnt purposes, .8y,
Tuel, solvent, food, etc. Something similar to this has -
already been done, on a limited scale when uging certain general
action codes, e.g., "Deposits and Resources", "Stockpiles and
Reserves, Storage”, "Imports-Exports", "Procurement” with other
codes for commoditics and groups of commodities in the Tntel-
ligence Subject Classification, -~ - - . - . . :

The program for developing a moreifleXible'indéxihg system

has been directed to meet two besic requirements:

.._l.-fThe systgm,mughﬁbe}guﬂficientlyﬂsimple:sQﬂ;w 
that excessive demands or burdens, a¥e not. imposed’
on personsjwhp analyze,'ipde§,3and éhbode”documents.
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2. The system must be designed so thqt machlne
opcratlons are employed efficiently to accomplish
searches as required.

By its very nature, an indexing system must be built up from
terminology, that is, from words and from phrases having special
ncanings. To nmeot the needs of intelligence the indexing system
must meke zvailable a wide range of terminology as refersnce
points- Tfor defining and conducting searches. Required terminology
will e, in part, generic in nature, €.y "weapon" and, in part,
specific, e.g., "rifle", "bomb", "torpedo", "bazooka". The work
has been directed (1) to doveloplng methods for organizing termi-
wology into an effective indexing system and (2) to collecting
and processing terminology on & mess production Lasis.

As the [irst step to developing the wew indexing system,
terminology froa iwo sources was analyzed and proccessed along
the lines indicnted above. These two sources were (1) the

ntelligence Subject Classification and (2) outlines of interest
prepared by the various divisions of 08T snd ORR. 1In all,

about 6500 tor“s were semantically factored and assigned codes
for machine searching.

To provide material for testing the provisionél indexing
) system some 200 documents have been scrutinized by analysts in ‘

(h> ‘ each of the divisiouns of O0SI and ORR and Ly informetion specialists

g in OCD. In order to indicate whot informstional features were of
interest to them, intelligence experts were requested to underline

appropriate words and phrases in the docusents or to supply mar-

ginal notations. The index entries thus established will next be
~encoded and the cards punched to permit tests of machine searching.

By July 1, 1953, the provisional system should be sufficiently
well developed so that it could be applied to indexing documents
for OSI and ORR on & "pilot plent"” besis. Such operations could
be started as 'soon as & new scanning machine of sppropriate design
is availeble.

During the first pericd of actual operatilon, extension of the
code to include additional terminology will probably prove necessary.
In enticipation of this requirement, some 30,000 terms: frequently

~used for indexing ond classifying scientific and technical informa-
tion have beern collected and subjected to preliminery analysis and

c-categorization. Extensive card files have been prepared to facili-

iltatu incorporatlon of thnsa tarus 1rto thc*prov151unal SY?tLu as
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RECOMMENDATIONS

1. The development of codes and systems has progressed to the
point where encoding. and processing of o considerable number of
docunments is desirable. Some 1000-5000 documents should be in-
corporated into an expandable "pilot plant" searching system to
test the code and to provide a basis for initisting operationsal
application.

-2, The pilot system should serve as an initial basis to train
operating personnel and to educate potentizl users s to how to
obtain maximum benefit from the systcm and peruit their require-
ments to guide the establishuwent of an operationzl system.
Operating procedurcs, instructions and manuals should be developed
during the pilet plant stage.

3. The processing (in particular, the sementic factoring) of
collected terminology should proceed at an accelerated rate to
provide codes for terms as required for the building and ex-
pansion of the "pilot plant" systemn.

-
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SECTION IT Introduction

The Nature of Intelligence

"Intelligence,” it has been observed, "as on activity is

the pursuit of a certain kind of knowledge; as a phenomena, it
is the resultant knowledge". In a small way, £vVery person con-
ducts intelligence operations in the course of dey-to-day living,
Almost any decision on a course of action requires thot informa-
tion be consldered and brought to bear on the motter ot hand. In
everyday life the needed information may be stored in a person's
memory as, for example, the telephone number of a friend. At
times a very broad range of information may be stored in the
human memory and applied to a situation as, for exoample, in
the case of a doctor diagnosing one of the more common ailments.
Even for very simple operations, however, it is often necessary
to refer to recorded information. An example is the use of the

classified section of the telephone directory to find a person
or firm tec provide a needed service. \ AT

In planning the experimental phases of scientific resea rch,

. broad range of recorded information--publications, notebooks
wnd reports--usually must be understood and correlated before
declding on a course of action in the lebor ratory. In such a
case the collection of the documents of interest is essentially
@ clerical task, once the field of research has been reasonably
well-defined. The correlation of information preparatory to
plurnlng an experimental resecarch program ls, in contrast, an
intellectual task requiring the highest degree of prmfu851onal
ability.

The use of information in plamning and conducting experi-
mental programs in the leboratory finds & close parallel in the
use of information by an intelligence specialist to attain in-
sight into obscure situaticns. In the first place, a broad
range of information must be brought to bear if meximum insight
is to be attained. Second, the evaluation and correlation of
recorded facts requires human skill of the highest order. Finally
the recall of needed facts from storage can be made -- and,

.. therefore, should be made -- an essentially clerical task whose
. accomplishment can be expedited by use of automatic equipment
. ’based on modern ‘electronic technliques, The library of records

,1together with the’ clerical selbction and recall system should
S constitute an external memory able to supply needed information
;w,on demand
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The Nature éf Information

The starting point for developing our new machine seaf%hing
system was recognition of the fact that human understanding of
observations, experiments or events involves, first of all, their
analysis. For example, various persons have observed recently,
circular shining objects whose changing appearance indicated
rapid motion et rather high altitudes, 'This analysis of the
phenomena is, however, only the first step to satisfactory
"understanding”. The next step must be correlation of the new
rhenomwena with previous observations similarly analyzed as tao
characteristic features. If our analysis is vursued to the thecreti-
cal, conceptusl level, we often spedk of a sclentific explanation
of the observed phenomena. If correlation of new vhenomens
proves difficult, a descriptive name such as "flying saucers" may
come intc general use. The urge to achieve a synthesie with
other concepts may go so far as tc relate "flying saucers' with
space ships of extraterrestrial origin. Correcting an erronecus
correlation requires that data adequate to support & correct
conclusion be related to the phencmencn under cmnsidaratlun.

The analysis of individuzl events and their correlation in
terms of common features has characterized the devedopment of
science and the scientific method. The ssme two basic steps are

(:>' ailse involved in converting uncoordinated information into
g ' finished intelligence. Or, to state & general conclusion, the
analysis of Information is the first step in its conversion
into knowledge.

The Role of Machine Searching

An essential preliminary operation in the correlation of
recorded facts is the selection of those items of information
having features in common. The establishment of a list of
entities, processes, circumstances and regults--in short, a
ligt of features--that can serve as reference points for
defining searching operations, is the first step to advantagecus

" use of certain mechanicel and electronic devices to select
information es needed. During receat years, the possibllities
of using punched cards, in particular hand-sorted punched cards,
have been investigated by many persons. (See Appendix XII.) -

‘Automatic punched-card machines’ designed for accounting.ond

‘business applicatlons ‘have been found to have limitations that

‘lrestrlct their usefulness for searching and correlating non-

numerical datawicr produc1ng intelllgerce. (See Agpendlx XIII )
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The scannlng rachlnes w1th Wthh this report is concerned. were
developed to overcome the limitations of previously available
equipment. The speed of operation of the new scanning equipment
nakes it possible to search all the entries in o lengthy index.
This means that alphabetizing index entries in the usual way
is not only superfluous but disadvantageous. Machine searching
1g, in fact, rendered more effective by holding the entries
pertaining to a given document together as a block, This facili-
totes selection when the search is defined as involving a com-
bination of entries.

The flexibility of this Fform of mochine searching can be [
illustrated by a simple example. A search can be directed readily
to any cne index entry, such as "barley", "wheat", "rust", "rain-
foll", "Siberia'. Alternately, selection may be bnsed on a
combination such as "wheat", "rust", and "Siveria", or "wheat",
'rainfall” end 'Siberia” or "borley". Other types of combinations
available for use if needed will be discussed in connection with
roeview of the operating characteristics of the machine,

g 886%8}2?;’“ E"f?&“‘i%np»sﬂ;o;‘,50.4;-z/;xodo'zoo150005-7 i
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SKCTION IIT New Electronic Equipment

Types of Patterns for Searching

Recent advances in electronic techniques make it possitle
to coustruct a variety of scanning machines each of which searches
and selects Ly matching patterns at high rates of speed. Depend-
ing on which type of scanning machine is chesen, the patterns
consist of any one of several types of dlStlnClee marks im-
pressed on a suitable recording medivm. With IBM cards, the
patterns are huilt up of punched holes. Spots of 'arious types
piovide other possibilities. Thus patterns for nmachine searching
way consist of magnetized spots on tapc, ‘raﬂ“pa}PnL spots in an
opaque photographic filwm, or lack spots printed on cards. Any
type of pattern 1s equally eifective for recording letters,
nuubers or other symbols employed to spell out index eutries.

Pattern Metching

L]

In order to search for combirations of index entries, it is,
of course, esgential that the searching machine be able to detect
several patterns within a block ol entries pertsaining to a single
document. For simplicity, discussion of pattern matching wethods
will te in teruws of a single meaningful pattern

The first experimental scanning machine constructed by IBM
for informaticn searching detected patterns photo-electrically.
Prapqratory to conducting a search, a question card was punched
with & pattern tust was the complement of the one to be sought
in the file cards. In conducting the search the question card
was held in a stationary position and the cards from the file
being searched were moved longitudinally past the guestion card.
The light source and the photo-electric cells were arranged in
such a fashion that when a pattern in one of the filé cards
passed through & matching position with the complementary
pattern. in the question card, the light was momentarily cut
off from one of the photocells. This use of a photocell to
detect a matching conditiou Letween a nd+Lern and its cowplement
‘can &8lso be employed to detect 8 pqttnrn re ordeu as. tranbnar)nt
and opaque suots in a photographlc FJLm

A rad1CQ.1J diffprent Lroc&durc ior detcctlng a spec1fied p&t-
tern involves' s two»step process . Flrgt._thc patterns being
scanned, aie conve rtea into distluptlvv'SPLs of electrical pulses.

n: terns. are recor “ded. as nag etlzLd‘upoL o tape, reading

B . po—




o ":»»Apbrerd“'v'Fo'r'Release2 0/08/25 : CIA-RDP57-00042A000200150005-7

Security Inforﬁation

heads deslgned for digital computers may be used. A video

‘tube may be used for the seme rurpose, when the patterns _

are recorded as black spots printed on cards. With punched
cards, it might be possible to use elther brush contacts or
photo-electric meens. The latter is preferred at present

by IBM engineers. (This use of photo tubes with IBM cards must
uot be confused with the matching by the blackout method already
described. )

Once the patterns in the recording medium have been converted
into sets of photelectric pulses, deteqtion of some one set nay
be accomplished by an electronic conjarator unit. Before starting
the search the mochine operator wust set this unit se that it will
respond only to the set of pulses corresponding to the desired
pettern and. ccusequently to the index entry to which the scarch
is directed.

The two-step method of detecting patterns offers important
advantages cver the bvlackout wmethod originelly emploved in the first
experimental scanning machine constructed by IBM. Conversion of
recorded patterns into sets of Pulses can be accomplished with
high reliability by various readiag devices already unenticned sbove.
Furthermore, comparator circults erranged in parzllel have decisive
edvanteges over & bank of phiotocells operating on thg blackout

‘ rrinciple. Most important is the possibility of echieving
( 3 extensive siuplification in both the indexing of information
and in the codes used to represent index entries. Such siuipli-
fication can be achieved independently of the recording medis
(punched cards, photographic film, magnetic tape, etc).

With searching systems employing IBM cards, the two-step
wethod of detecting patterns offers certain specific sdvantages,
One of these is the possibllity of convenlently using standard
rtunching with IBM cards. As discussed in detrnil in Aupendix IIT,
the production models of the IBM scanner will be designed to work
with standard vunching. - This opens the door to using the new
scanner with IBM files already in existence.

The two-step process for detecting patterns can be enployed
with tebulating or, cther cards in which punching has been replaced
by black spots printed on the cards. Patterns of spots are con-
verted into sets of Pulses by a video tube. In this system~~
described in more detail iu Appendix IV--one side of the cara
can be used for an abstract, bibliographical date or the like.

Q . St i
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The Selecting Operation

Regardless of the medium in which a given pattern is
recorded, and regardless also of the corresponding means used
for detecting patterns, the identification of a designated
pattern can be made to generate an electrical pulse which can
then be used to activate a selecting device. When working with
files of cards, the selecting operation may be the physical
removael of the card containing the desired pattern from the file.
Once a group of cards has been selected out, the scauning machine
nay be reset and the selected group submitted to a further select-
ing operation. This possibility of conducting successive selecting
operations in series without beilng compelied Lo scan the entire
file may prove an important factor in favor of using cards or
other types of records congisting of discreet units rather than
magnetic tape or other continuous media. With the latter the
selecting operation which corresponds to rewoval of individual
cards from a file might consist of reading off the serial numbers
of the documents identified and recording these numbers for example,
on a separate output tape.

Searching to Coumbinations of Entries

Modern electironic techniques permit the searching operation
to be defined 1n a more complex fashion than corresponds to
matching a single pattern. This purpose is best served by a
multiplicity of pattern detecting units, preferably comparator
circuits.  FEach detecting unit is set so as to respond to some
one pattern, which in turn corresponds to one of the index
entries used to define the scope of a scarch being conducted.

As already noted, a matching conditlon generates an electrical
pulse in the output terminals of one of the detecting units.
Establishing appropriate auxiliary relay circuits between these
output terminals makes it possible to condltion the machine so
“that a selecting operation is performed only when a prespecified
relationship exists between the detected patterns (i.e;, between
the corresponding index entries). With the aid of an appropriately
designed plugbecard, it is a simple matter to condition the scan-
ning so that selection occurs only if cach and every one of a set
of potterns has been detected. Using letters to dusignate the

. patterns (or their corresponding index eantries) such a search may

“be symbolically represented as- folJowa and is termed a logical product-—
"A+B.C.D (in the case of four putterns)

fIt is equally easy to condition the scanning 80 that selectlon
is based on the presence of anyvone of severalffactors and such

~ 11 -
Security. Information -
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selection is said to corruspond to the logical sum, synbollze
for example, as:

AfBfC/D

A further simple possibllity is to base selection on the
presence of one pattern and the absence of another. This

type of selection is termed a logical difference and symbolized
as:

A - B

Finally, more complicated relationships can be specificd in
defining the scope of the search. One might specify, for
example, that selection is to occur if any one of a group of
several patterns be present together with any one of another
group. This might be represented symbolically by:

(AfB/C) - (DA /T)

Even more complicated relationships between patterns may be speci-
fied, such as:

(oA fB) - (C-D) /(B -F) . : S
(1) The possibility of conducting searches in the manper exemplified

by these equations has not been available to intelligence opera-
tions in.the past.

Rates of Scanning and Selecting Operations

Regardless of whether punched cards, meguztic tape or some

other medium mey be used for recording meaningful patterus the
electronic recognition of & desired predetermined pattern can

be accomplished at an extremely high rate of speed. With the

new. experimental IBM machines, it is possible to scan 50,000

patterns per minute. It would he possitle, using electronic

techniques already developed, to comstruct a tepe machine which

could scan at least 2,000,000 patterns per minute. These search-

ing rates, already attalnpd or attainable, are such that the

entire set of index entries used to indicate important aspects
~of the subject matter of o file of documents can be scanncd in

‘a reasonable -time. The scanning operation itself is comparable
. “to a blind man using his fingertips %o detect the ralscd patterns
" of dots which constitute representation of words in Braille
“The result of the scanning operation is comperable to having a
- “highly reliable, ‘though unimnglnative, clerk -inspect all the : \
. entries-in a comprehenSL»e subject 1nde at & very high rete

“j.of speéd.

.
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SECTION IV Eétablishing Teamwork Between Men and Machines

Capabilities and Limitations of Machines

As the previous discussion has pointed out, electronic
machines which employ pattern matching for identifying and
selecting purposes are able to perform automatically clerical
searching operations of considerable complexity. In considering
how best to use such equipment in an intelligence organization,
we must keep in mind certain basic limitations =s to what machines
can accomplish. Their ability 1s outstanding in performing
well-defined routine operations without fetigue, and at a high
rate of speed. Aside from the searching of indexed information,
the new scanning equipment could be used advantsgoously to
select and correlate information from vorious files already
established or files based on titles of published pnpers (see
Appendix V ). The specifications of the scanning equipment arc
provided in Appendix III so that interested offices may determine
how the new machines may te uved to advantage.

Machines are devolid of any power to evaluate of interpret,
(i) This means that the usefulness of searching mschines is limited
y to identifying what documents are of pertinent 1nterost to a
given question. The interpretation of the significance of the
subject matter of documents and the correlation of information -
contained in them requires the vastly superior ability of human
intelligence. The identifying and selecting operations performed
by machines can, however, expedite the work of intelligence
analysts very effectively by making i1t unnecessary for them to
review large masses of material not pertinent to the problem at
hand. Machine searching enables analysts to devote their time
and effort more fully to the interpretation and correlation of
pertinent informztion rather than to inspection and rejection
of information of no interest to a given problem.  Our goal is
to establish effective teamwork bhetween machine performance of
routine clerical tasks and human experts interpreting selected
pertinent information and creating intelligence.

Discriminating Power of Machine Systems

The basic' roblem ﬁ'designing'a chlne 1ndexln system for
,bintelligence'p ses” s to make it as simple as posslble and at
the same. time provide adequdtc discriminating powar to select




™
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documents for the anelyst's consideration in preparing his )
reports. More specifically the immediate problem is to develop
indexing techniques that will exploit most efficiently the
potentialities of the new secarching machines for intelligence
requirements. It 1is, of course, necessary to avold setting up

an overly complex indexing system which--though it might be very
efficient when viewed exclusively from the viewpoint of machine
operations--would nevertheless make excessive demands of persons
charged with the tasks of analyzing documents and encoding index
entries.

In developing the new indexing system, there arc two
courses of action that might be followed., One is to construct
an excessively complex system, applying it experimentally, and
then simplify it to f£it actuel needs. This is an approach
likely to prove attractive to theoretically-minded persons who
have not had practical experience in the field of indexing and
coding. We have preferred a different approach, which lnvolves
first setting up a simple system for testing and operation
during which experimental results wonld provide the basis for
building into the system such additional discriminating power
as might bte necessary to mect the needs of intelligence
specialists.

‘Indexing for Machine Searching

A basic consideration in designing the new indexing system
is sconomy of effort on the part of persons who inspect documents
to determine and to indicate what aspects are of importance for
intelligernce purnoges. Thesc essential tasks can be best accom-
plished, during the immediate future at least, by having an ex-
pert in the subject field underline appropriate words and phrases
in the document and also provide suppleumentary marvginal notations
when necesssry.  Eventually, a: suitably designed machine may be
able to pertorm this task sufficiently well to serve certain
purposes, such as document screening. Until that time, however,
this first step will require considerable human effort To
minimize this, it is anticipated that marking documents for
indexing may be made a routlne part of the analysts' readlng
cf incoming do;uments.

_Encoding Terms for Machine Searching

Once words end phrases have been sc¢lected as index entries,
the next step 1s to encode them and record them, e. g., by -
“punching cards, so" that machine searching operations may be
.accomplished"”The simples+ possible form: of encading would involve
nothing more th n using appropriatcly SelﬁCth patterns of holcs, or such,
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as means for recording letters and numerals. In this approach,
the recording patterns would spell out the index entries in
exactly the same way that embossed patterns of dots are used

to spell out words in Braille. This simple form of encoding

can be accomplished automatically by machines already in exist-

- ence. Depressing a key corresponding to a given letter or

nuneral causes the corresponding pattern to be punched in a

card or otherwise appropriately recorded, In other words, an
operation very simllar to typing suffices to render the index
entries immediately searchable by machine. Once the index entries
have been recorded as appropriate patterns, searching operations
may be directed to any word or combination of words. This
approach has the unguestionable advantege of simplicity. -On the
other hand, it suffers from certain disadvanteges. One of these,
which is closely related to problems encountered in using conven-
tional subject indexes, is the necessity for the operator of the
machine to set it so that gsearching and selecting is based on

the right words. Synonyms form one obvicus source of difficulty
in this connection. Since the machine operates by pattern
matching, a search direccted to a pattern representing "mercury”
will not produce a positive response when the pattern for "quick-
silver" is encountered. Near-synonyms and terminology having
overlapping arcas of meaning would result in similar and perhaps
even more vexing limitations on the usefulness of this simple
approach, even though it can almost certainly provide considerable -
‘ 2id in rapid screcning of documents. (For tests with this simplest
N form of coding, sce Appendix V.)

The above mentioned, simplest form of encoding is also
limited as to usefulness by another factor. This limitation
becomes apparent if we consider the situation thot would result
1f the patterns were used to spell out the names of insects,
e.g., "mosquito", and then a search is required for all insects
indexed as causing demage to wheat in the Ukraine. Before the
machine could be set to conduct this search a list of all the
ingects that might be involved in dameglng wheat in theé Ukraine
would have to be complled. A theoretical alternative--completely
impractical in terms of machine operations--would be to base the
search on a list of all known insects. It would also not be
satisfactory to attempt to meet the search requirements by
selecting documents on damaige to wheat in the Ukraine as this
would result in simultancous selection of all documents on
damage due to plant diseases, unfavorable weather conditions,
weeds, and the like. Along with documents of pertinent interest,
the analyst would almost certainly have to cope with an excesgsive
amount of extreneous material. It may, therefore, be concluded
that indexing for mechine searching can achieve a very large
measure of added effectiveness if generic terms, such as "insect",
are provided as entries to accompeny specific¢ terms, such as
"mosquito”. . ' WA '
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It is perhéps obvious that success in indexing for machiue’
‘searching will depend in large degree on how terMinologytis
employed to provide reference proints for selecting operations
to be conducted by machine. It might be possible, theoretically
at least, to require the indexer always to use only one of two or
more synonyms or near-synonyms. This would provably prove much
more practical than requiring that the indexer provide generic
terms, such as "insect", every time a specific term, such as
"mosquito”, is required as an index entry. Remembering--and
applying--appropriate generic terms for a large number of
specific terms would be excessively burdensome. The rate of
indexing would be slowed to an intolerable degree.

It is perhaps clear that machine searching can achieve g i
high level of effectiveness only when a solution is found for the |
double-barreled problem of relieving the indexer of excessive
burdens -and of simulteneously using generic terminology as
effective means for rendering intormetion searchable by machine
operations. The key to this problem is the systematization of
terminology on the tasis of semantic relationships as between
"insect" and "mosquito”, for example. The considerations under-
lying the establishment of such semantic relationships between
terms are reviewed in Appendixz VI, The method vhereby the
generic terms are rendered effective is to set them up as
component parts of the codes of specific terms. The' generic

T terms related in this way to a given specific term are referred

&w) to as the latter's semantic Tactors. When a specific term is
used as an index entry, encoding the letter makes its semantic
factors available as generic terms to serve as reference points
for machine searching, ’

There were other less effective approaches to the problem

of employing generic terms to define searches. It would have
been possible to use conventional classification with the new
scanning equipment: Since such conventional classification‘
systems are set up to operate with a fixed array.of pigecon holes,
they are characterized by a bhigh degree of ridigity. The same is
irue of the Intelligence subject Classification which wae designed
to work with standard IBM tabulating equipment. Rigidity in the
system used for analyzing information would have meant that the
inherent flexibility of the new machines would have been exploited
only to a very limited degree. IF the new developments in equip-
ment were. to be used effectively there had to be s corresponding
advance in indexing methodology. In order to aveid burdening
indexers unduly, the requisite advance in methodology required

- that much care and thought be devoted to code construction.

'PfOcéssing and systematizing of terminology and constructing
of codes have been carried out on & mnass production basis. First,

- 16 -
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subject heading lists, classification systems and indexes

were collected as sources. of terminology (See Appendix VIII).
Next a file of some 30,000 "Keysort" cards was prepared. o S
Individual terms were entered on each card in this file,

together with dictionary definitions of the various terms.
Supplementary notes concerning recent trends in usage of terms
were - included particularly when concerned with rapidly developing
fields such as clectronics. The cards were then punched to
indicate categorization of the terms both as to general type
(e.g., Processes) end field of use (e.g., Chemistry), For
convenience in semantic factoring, more specific grouping of

the terms as to area of use (e.g., Food end Fermentation)

was carried out for source terms. An IBM file was also pre-

pared for automatic menipulotion of teorus and for rapid pre-
paration of listings. (For a description of these files, their
preparation, and use in semantic factoring and code construction,
see Appendix IX )

Some 6500 terms found in the ISC and supplied by analysts as
outlines of interest have been encoded ready for use in the index-
ing of documents for machine searching. To illustrate how the new
indexing system operates, the analysis and encoding of & typical,
document will now be described.

R

("‘ Document Anzlysis and Encoding

Intelligence documents coming into CIA are perused in order
to decide the routing of ecach document to the various offices and
divisions of the Agency. The analysts of OSI receive documents
of probable interest. The anelysts accomplish the first step in
the indexing procedure by underlining words and phrascs that
indicate subjects of interest. If necessary, additional subjects
2re indicated by marginal annotations. In experimental testing
of the new indexing system, representatives of each of the divi-
sions of ORR and 08I check the document to ensure that all points
of view of importance are designated by appropriate words and
phrases. Expericnce in processing 200 documents indicate that
this supplementary checking results in relatively few additional
index entries being set up.

The encoding of index entries procedes as follows: -~

A, Work Shect: A work sheet igipiépared for each
document (See Figure L), and the fol}dvipg-ipfopmapign ,
entered: . : o iy . N o

1. Document number4fThisvis 4;new_éerial-
number assigned to each document, arrival;»;

C) .oy mnTmemngnd
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There is. no relatlon to the serial number
assigned by OCD, since documents other than
those processed by the Library may be included.

2. 0CD number.--If the document has been
processed by OCD, the identification number is
entered here. If it is a CIA report, that
report number is recorded.

3. Date of information: month, day, and
year, if given.

4. Date of rceport: month, day, and year,
if given.

5. Sccurity Classification.

6. Turms, phroses, and subjects as marked and
annoted Dy nelysts.  Included here are:

2. Any geogrzphical locations
of interest, whether city, country,
or any othcr subdivision.

b. Aay personality names of
interest.

¢. Any names of 1nst1tutes or
companies of interest.

8. Any index entries referring to
subject matter as indicated by the
underlined terms or phrases and by
marginal annotations.

7. Under the column "Type" is entered
the type of information represented by a given
term or annotation (forrexample, G = geogrephical
location; I = institute, company, etc.; S = other
subject matter). -

_ 8. The columns under "Division Ma rking”
identify  the gorticular group or groups in
CIA which fourd a perticular term of interest.
This information is of value from the point of

- vlew of future research aund development based
on the statistical data gencrated.

: 9. Codes are entered in the last column
- of the work sheet. The encoder refers to the

=18 ,
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Code Sheet
MACHINE INDEXING PROJECT
Code Sheet
Doc. # 0CD. T|Division Markin CODE
Y .
M - 32 - - - plCIPI N WIMIVIB|O] L] Other
B
Date (a) - - -
(v) 110152
Source: United Nations Bulletin SUNB
Security: Unclassified 9
Marked Terms
World G - LA
W. H. 0. ' T - T :WHO
World Health Assembly I - I:WHA
Quarantine S - :3ICE:06:
CONU
Station S - :LOCA:06
Terms listed by:
Approved:
Key punch:
aeianm—
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English-to-code dictionary to find the code
cquivalent to the indexed term and enters it on

the work sheet. (Sce Appendix XI for descrip-

tion of the code dictiorary. The code dictionariss

25X1A9%a are gvailable in Boom 1348 M, Pleage see_
25X1A9a

B. Key Punching: A tabulating card (or cords) is pre-
pared for each document processed. The docunent numbers
and codes for the dates of information and report, source
wnd sccurity classificetion are punched in "fixed fields".
The remaining codes are punched one following the other
a5 they appear on the experimental code sheet.,

Scarching of Eirzoded Docwsen

Previous discussion has descrived how cocuments may be
aredyzed, index entries set up wnd the latter encoded in such a
Wiy A8 to make semantic factors available for defining searches.
actor--which, =g noted already, is o generic concept--is
represented by e four letter code. Any ore of these four letter
codes mey be used as a reference point for defining the scope of

areli. Bxample; a sesrch directed to MACT (code for the semantic

factor "machine, doevice, apparatus") will cesult in a positive
response on the nart of the scanning machine whenever MACIT appears
a8 o factor in & specific term used to index a document. If the
search ls dirccted to codes containing both MACI aund MESU (the code
for "measure") then there will be a rositive response whenever a
specific term designating o measuring device or apparatus has been
used o indez = documant., Such measuring devices would include,

a

for exzmple: densitometer,’clock, buret, potentiometer, watch.

oS

Specification of an additional factor such as "time" (en-
coded in TIME)would result in positive response ouly when a
document wag indexed by usirg a term such as "clock" or "watch",
designating o time measuring device (corr@sponding codes MACT,
MESU, TIME). Iug this way inclusion of semantic factors in the
codes for specific index catrics permit generic terms to be used
ir conducting searches. Tt is important to note that two or more
senantic factors may be used to establish a single broad cless of
items (e.g., time neasuring devices) which then becomes one dimen-
sicr In defining the scope of seearch.

Several such dimensicns may be sct up simultancously. For
exemple, in addition to time measuring devices as one dimension
of scarch, we might establisn explosive wespouns, encoded by using
the semantic factors "explosive” (POLI) and weapon (WEPO) as an-
other dimension. If this were done, then the search would result

- 19 -
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i o positive response for documeats in which one search
dimension is provided by some time meesuring device (u.u.,
zlock, watch) and another diwension by an explosiveweapon
(¢.g., bomu, torpedo).

Iv considerdng - the possibilities inherent iv the wew index-
ing and scarching systen, 1t must be rocslled that vario relation-
stips may Te scb up between searcn dimensions It uhu“‘ are

demoted by letter, we have threo (asic possibilitics:

n ) . . -
(L) A - E (tbore nust he a positive rIsponse
to toth A and B, sov-callced logical product).

(2) A /B (there st be a positive Tesprise
eithor to A cr to B, or Lo bobl, so-called logical

v

(3) A -~ B {(thore wust be

: positive responsc
A vub pot to B, so-colliad leg

I difrerence),

icn
From those, wore cowpioz contlgpurations may Lo built uw
frog o gserics of dimcnsions uscd Lo define a sesrch.
A

Exemples of such possibiliitics s

(£« 1) f(Cc -D) -8 .F
(A~ B -C) A (¢ D1 -F)

Skill irn exploiting those ities can prouohly best

be developed by operational

Hole Indicators and Furthey defineacnt

J.\lr u\l 1

Discussion up to this wmoint hos crphoasized the use of
ppropristely selested torminology iex entries which, once
mcoded and recordad, carn be starche: machines. It hes Leon
wpoloted out that machine searcing cun be rendered worc effective
and efficient by hulldiug 1uto the code certain terulnology
relaticonships, such as whiole-pert, genus-specics or others
involved in scmantic {sctoring. By toking advantoge of thise
nossivilities it is possitle to desimn 2 simple code, whosc use
involves & mininum of busan effort end which onables machine
searching opcrations to nuhdewe = ‘1Lh degiee of discrimination.
An additional messure of disceiminntion becomes possibile by using
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approvriate symbols in indicating the role of a given crtity,
process, attribute, or the like. Thus, to take a simple exouple,
by attaching appropriate roie indicators to ”upn and to "deg",
it would bve pogsible to distinguish between "man bites dog" and
“dog bites men'". Similarly, specicl symbols might be used to
indicate the direction of movement of goods, persons, army

units, ete. from one place to another. Another possible use for
speeial symbols attochable to any subject entry such zs "typewriter”
ig to indicate whether the itewm in question is being manufactured,
used, tested, developed, bought, sold, etc. The OCD systeni's
successful use of slash merks hus slready denonstrated the use-
tulness of this device.

For & more dstalled discussiorn of role indicators, see

Aprendix X.

CONCLUSION

A new system for iodexiy wtion aud for scarching

large Tiles has Leen de -olo e oystoen is basced on speciclly
desigrned machines whose operating characteristics place no R

limitation on tne rauge o1 terminology fvallﬂoia tor indexirg

LUIpose Sawrrh s may Lo directed witi egusl spoecd and rocility
to uny one in
of the new syotc" was den

o

oxX Lerm or Lo thelr combinotions. The flexibllity

'*]onud so tiwt it would be zble to

» orequircnents of 05T and ORR. To
onomy of operstic: > onew ludexing system hos beon

13 g0 68 to require 2 minimun of huwan otffort, pnrticularly
on the part of experts who =nualyze the subject m'ttur of documents,
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